Objective: To evaluate the outcome of radiotherapy for recurrent esophageal cancer after surgery and to determine the prognostic factors. Methods: From 1987 through 2002, 82 patients treated with radiotherapy for loco-regional recurrences of esophageal cancer after surgery were retrospectively reviewed. The stage at initial surgery was I in 16, II in 41, III or higher in 24 and unknown in 1. The median size of recurrent tumors was 3.5 cm in diameter. Fifty-two patients were treated with radiotherapy alone, and 30 were treated with radiotherapy combined with chemotherapy. The median total dose of external radiotherapy given was 50.4 Gy in 28 fractions. Results: The median survival period after recurrence was 7.0 months. The 2-and 5-year overall survival rate for all patients was 22 and 11%, respectively. In univariate analysis, the patients with performance status (PS) ¼ 0 -1, or tumor size ,3.5 cm, and those treated with total dose 50 Gy showed a better survival outcome than each the other groups. The patients with a history of previous radiotherapy showed a poorer survival outcome in univariate analysis than each the other groups. In multivariate analysis, tumor size, PS and radiation dose were independent prognostic factors for overall survival. Conclusion: The prognosis of patients with post-operative loco-regional recurrence of esophageal cancer is poor. However, a long-term survival may be expected by definitive radiotherapy for the patients with small-size tumors and with a good PS.
INTRODUCTION
A surgical resection has been the primary treatment choice for patients with esophageal cancer. However, the 5-year survival rate remains .40% (1) . Loco-regional recurrence remains the major type of failure in the patients treated with surgery for esophageal cancer (2 -4) . Radiation therapy or a combination of radiation and chemotherapy has been used for the treatments for recurrent esophageal cancer after surgery. Radiotherapy with or without chemotherapy has been reported to have a beneficial symptomatic effect for a significant proportion of these patients and to have a possibility to obtain a long-term survival effect in some patients (5 -7) . In patients considered to have a favorable prognosis, radical treatment with radiotherapy or chemo-radiotherapy seems to be beneficial for prolonging the survival time. For the patients with a poor prognosis, on the other hand, radiation therapy should be considered as one of palliation methods for symptom relief rather than as a radical treatment option. However, the role of radiotherapy and the prognostic factors for a postoperative recurrence of esophageal cancer patients have not yet been clearly elucidated.
In this study, we evaluated the treatment outcome of radiation therapy for patients with post-operative recurrences of esophageal cancer treated from 1987 through 2002 in our hospital in order to determine the prognostic factors and optimal approach of radiotherapy for this disease.
PATIENTS AND METHODS

PATIENTS
From 1987 through 2002, 96 patients with loco-regional recurrences of esophageal cancer after surgery were treated with radiation therapy at Kyushu University Hospital. Of these, 82 patients had loco-regional recurrences alone, whereas 14 patients had distant metastases in addition to loco-regional recurrences. The 14 patients who had both loco-regional recurrence and distant metastases were excluded from this analysis. In this study, loco-regional recurrences were defined as anastomotic recurrences or lymph node metastases including supraclavicular and abdominal lymph node metastases. The patient characteristics are summarized in Table 1 . Seventy patients were male and 12 were female. The median age of these patients was 61-year-old. For the initial stage of esophageal cancer, 16 patients were stage I, 41 were stage II and 24 were stage III or more (UICC, 1997) (8) . The initial stages of the remaining one patient were unknown. The location of the primary tumors was cervical esophagus in 3, upper thoracic esophagus in 14, middle thoracic esophagus in 48, lower thoracic esophagus in 16, and abdominal esophagus in 1. Thirty-six patients received pre-operative radiotherapy of 30 -40 Gy in initial treatments. All patients had squamous cell carcinoma. The characteristics of recurrent tumors are summarized in Table 2 . The site of loco-regional recurrence was the supraclavicular region in 24, the mediastinal region in 36, the upper abdominal region in 10 and multiple regions in 12. The maximum tumor size of recurrent tumors was 3.5 cm in diameter in median (range 2.0 -8.0 cm). Regarding the number of recurrent tumors, 50 patients had solitary tumors, whereas 32 patients had multiple tumors. Most of the patients (72/82, 88%) had lymph-node metastases, whereas the remaining 10 patients had only local recurrence near the site of anastomosis. The median interval of recurrence from initial surgery was 10 months (range 1.5 -64 months). The diagnostic work-up for the detection of recurrence included a physical examination and a radiographic evaluation, including computed tomography (CT), esophagogram, and/or endoscopy.
TREATMENT
The treatments given to the patients are summarized in Table 3 . External radiation therapy was given with 6 or 10 MV X-ray of a linear accelerator. The median fraction size and total doses of external radiation therapy given were 1.8 Gy (range: 1.5 -3.0 Gy) and 50.4 Gy (range: 45 -70.5 Gy), respectively. All cases were planned using an X-ray simulator. In most of patients (67/82, 82%), a local field covering recurrent tumors with a margin of 2 -3 cm in both the oral and anal directions was used. In the remaining 15 patients, T-shaped field including the bilateral supraclavicular and mediastinal regions was used. After irradiation of 40 -50 Gy, the beam direction was changed to avoid the spinal cord. In the patients who had received pre-operative irradiation to the corresponding regions, before a cumulative dose of 50 Gy, the radiation field carefully avoided the spinal cord. The type of radiation field and the irradiation dose and the use of combined chemotherapy were all determined by a radiation oncologist based on various factors including the patient's age, performance status (PS) and tumor extent.
Chemotherapy was combined with radiotherapy in the 30 patients younger than 75 years old and having PS 0 -1 among the patients who were treated after 1994. Of these, 24 patients received a concurrent combination of chemotherapy and radiotherapy. Low-dose cisplatin (CDDP, 5 mg/m 2 ) with protracted venous infusion of 5-fluorouracil (5-FU, 250 -300 mg/m 2 ) was combined with daily irradiation in 17 patients. Drip infusion of 30 mg carboplatin and bolus injection of 5-FU (250 mg/day) were administered before daily irradiation in five patients and two patients, respectively. In five patients, two cycles of systemic chemotherapy with 5-FU 500 mg/m 2 on Days 1 -5 with nedaplatin (CDGP) 80 mg/m 2 Day 6 was administered prior to radiotherapy. Oral administration of 600 mg tegafur was used in one patient after completion of radiotherapy.
METHODS OF EVALUATION AND STATISTICAL ANALYSIS
After the completion of therapy, the patients were followed at 1-or 3-month intervals. Follow-up evaluations included a history and physical examination, esophagograms and/or CT. Those who did not appear for a routine follow-up were contacted either by phone or by mail. The overall survival was defined as the interval between the start of treatment and the most recent follow-up or death. Cause-specific survival was calculated by taking a census of patients who died without any evidence of recurrence. The survival and local control rates were calculated using the Kaplan -Meier methods (9) and the statistical significance of differences between survival curves by a log-rank test. The differences in the survival in univariate analysis was assessed by the log-rank test. In a multivariate analysis, Cox's regression analysis was used.
RESULTS
The initial response to radiation therapy for the loco-regionally recurrent tumors was 15 patients with a complete response, 49 with a partial response, 17 with no change and 1 who showed progressive disease. The survival periods after start of radiotherapy for recurrences of all patients ranged from 1 to 120 months. The median survival period after recurrence was 7.0 months. Fifty-one patients died from the esophageal cancer, and three died of other diseases (cholangiocarcinoma in one, pneumonia in one and chronic heart failure in one). Twenty-eight patients were alive at the last follow-up, but two of these had a recurrence of cancer. The overall survival and cause-specific survival curves for all 82 patients are shown in Fig. 1 . The 2-and 5-year overall survival rate for all patients was 22 and 11%, respectively. The 2and 5-year cause-specific survival rate was 28 and 14%, respectively. Ten of 82 patients showed a long-term survival of longer than 2 years. All of these 10 patients were treated with 50 Gy or more doses and had PS 0-1 without distant metastases or history of previous radiotherapy.
There was no patient with any serious complication directly related with radiotherapy in our present study. Several patients had radiation pneumonitis at 1 -6 months after the completion of radiotherapy. However, there was no lung toxicity that required steroid administration. Although one patient died of chronic heart failure 20 months after the end of radiotherapy total dose 60 Gy, we considered that this chronic heart failure had not been related to the radiation therapy because the local field to the supraclavicular lymphnode metastases had been used in this patient.
The results of a univariate analysis of the patient characteristics for overall survival are shown in Table 4 . Patients with a PS 0 -1 and those with a recurrent tumor measuring ,3.5 cm in diameter showed a better overall survival than each other group; 2-year overall survival rate was 34% in PS 0 -1 (versus 6% in PS 2 -3, P ¼ 0.0001) and 50% in tumor size 3.5 cm (versus 0% in .3.5 cm, P , 0.0001). The patients who had received preoperative radiotherapy showed a worse prognosis in comparison to those without previous radiotherapy; the 2-year overall survival rates were 15 and 40%, respectively (P ¼ 0.005). However, there was no significant difference between the survival rates in the patient's age, gender, initial stage, the number of recurrent tumors, recurrent sites or interval periods from surgery to recurrence. In a univariate analysis of treatment variables for overall survival is shown in Table 5 . The patients treated with 50 Gy or 
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Radiotherapy for recurrent esophageal cancer more doses in total had a better prognosis than those treated with ,50 Gy; the 2-year overall survival rates were 26 and 10%, respectively (P ¼ 0.003). However, no significant survival difference was observed between the patients treated with 60 Gy or more doses and those treated with ,60 Gy; the 2-year overall survival rates were 26 and 20%, respectively (P ¼ 0.10). Also, there was no significant difference between the patients receiving the combination chemotherapy and radiotherapy and radiotherapy alone.
In order to determine the independent prognostic factors, the initial stage, PS, the maximum tumor size, the total radiation dose, a history of previous radiation therapy were entered into a multivariate analysis. The results for all 82 patients are summarized in Table 6 . In a multivariate analysis, a recurrent tumor size 3.5 cm (P ¼ 0.0007), a PS 0 -1 (P ¼ 0.04) and treatment with 50 Gy or more doses (P ¼ 0.04) were independent positive predictive factors for the overall survival.
DISCUSSION
Through a retrospective study comprising a large group of patients treated with radiotherapy for loco-regional recurrences of esophageal cancer after surgery, we evaluated the treatment outcome and the prognostic factors of these patients. From our results, the prognosis of these patients was found to be still poor. However, our results also suggest that a long-term survival could be expected with definitive radiotherapy for the patients with small-size tumors and with a good PS.
In our study, the survival rates at 2 and 5 years were 22 and 11%, respectively. Recently, similar survival results (6) also previously showed the results of radiation therapy for loco-regionally recurrent esophageal cancer after surgery. In their series, the survival rates at 1, 2 and 3 years were reported to be 33, 15 and 12%, respectively. Nishimura et al. (10) combined chemotherapy of protracted infusion of 5-FU and cisplatin with radiotherapy of 60 Gy concurrently for 18 patients with postoperative recurrence of esophageal cancer. For patients without distant metastases in their series, the 2-year survival rate was reported to be 19%. In our series, there was no patient with serious late toxicities related to radiotherapy despite that 36 patients who had a history of preoperative radiotherapy were included. The reason of this result was unclear but considered as follow. First, a local field was used in most of the patients. Secondly, total dose used for our series was modest (50.4 Gy in median). Thirdly, there is the possibility that the survival period after treatment (7 months in median) was too short to evaluate late toxicities adequately.
The survival outcome of radiotherapy with or without chemotherapy for postoperative recurrences of esophageal cancer was considered to be poor in the previous retrospective series and also in our present study. However, high objective response rates for recurrent tumors were shown in these previous studies: 65% by Raoul et al. (5) , 91% by Nemoto et al. (6) and 72% by Nishimura et al. (10) . In addition, in our presented study, an objective response for recurrent tumors was obtained in 78% of the patients. The objective response rates are similar between these studies including ours. For patients with postoperative recurrences of esophageal cancer, therefore, radiotherapy with or without combined chemotherapy seems to be an effective method, at least as one of the palliative therapy for the symptoms related to recurrent tumors. In fact, a symptomatic improvement was shown in 70% or more of patients treated with radiotherapy (5, 6) .
Chemotherapy combined with radiotherapy has been shown to be effective as a primary management for esophageal cancer (11, 12) . However, it has not yet been determined whether the combination of chemotherapy is superior to radiation alone for recurrent esophageal cancer patients. Nemoto et al. (6) reported a better local control in the patients treated with a combination of chemotherapy and radiotherapy in comparison to radiation alone. However, no survival difference was shown between the two groups in their report. Although the chemotherapy regimes varied in our study, there was no significant survival difference between the patients who received radiotherapy combined with chemotherapy and those who received radiotherapy alone. Recently, Nemoto et al. (13) reported the clinical results of radiotherapy combined with chemotherapy using CDGP and 5-FU for recurrent or inoperable esophageal cancer. CDGP is a platinum derivative with less renal toxicity that is considered to have an effectiveness comparable to cisplatin (14) . The 2-year survival rate of seven patients with postoperative recurrent esophageal cancer treated with radiotherapy combined with CDGP and 5-FU was reported to be 69% (13) . Furthermore, Jingu et al. (15) recently reported excellent results of a phase II study using radiotherapy combined with CDGP and 5-FU; 3-year local control and overall survival were 72 and 56%, respectively (15) . Recently, docetaxel has been shown to be an effective agent for primary and recurrent esophageal cancer, and several promising results have been reported (16, 17) . However, the optimal schedule and dosage of these chemotherapy agents when combined with radiotherapy have not been determined yet. In order to improve the prognosis of recurrent esophageal cancer patients, it will thus be necessary to further investigate the effectiveness of radiotherapy combined with these chemotherapy regimens.
There have been few studies evaluating the prognostic factors of patients with postoperative recurrences who were treated with radiotherapy. Nemoto et al. (6) reported the time interval between surgery and recurrence and the patient age to be significant prognostic factors. In our present series, the PS, tumor size and radiation dose were selected as independent prognostic factors by a multivariate analysis. The PS was reported to be a prognostic factor of recurrent esophageal cancer also by Jingu et al. (15) . The time interval between surgery and recurrence or age was not selected as prognostic factors in a univariate or multivariate analysis in our study. The reason for these differences of the results between the studies is unclear. A variation of patient's background and/or a difference of analysed factors may be one of the reasons.
The univariate analysis in our series showed the patients treated with 50 Gy or more of radiotherapy to have a better prognosis in comparison to those with less than 50 Gy. Furthermore, a total dose of 50 Gy or more tended to be positively predictive for the overall survival in a multivariate analysis. Our result suggests that 50 Gy or more doses should be considered in the radiotherapy for postoperative loco-regional recurrence of esophageal cancer. Nemoto et al. (13) and also Jingu et al. (15) reported excellent survival results without serious complications in the patients treated with radiotherapy with total dose of 60 Gy for post-operative loco-regional recurrences. In our series, however, there was no significant difference in overall survival between the patients treated with 60 Gy or more doses and those treated with less than 60 Gy. The optimal dose of definitive radiotherapy for postoperative recurrent esophageal cancer remains to be determined in a future prospective randomized trial.
In conclusion, our study suggests that PS, size of tumors and total irradiation dose are significant prognostic factors in the patients treated with radiotherapy for the loco-regional recurrences of esophageal cancer after surgery. However, there were numerous variations in the treatment methods in this series because of the retrospective study including many patients treated through long periods. These significant
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Radiotherapy for recurrent esophageal cancer biases are thought to make it difficult to interpret our results. To confirm the prognostic significance of these factors, we are planning to analyse the clinical outcome of the patients treated with our current protocol using a concurrent combination of radiotherapy and CDDP plus 5-FU. Finally, further evidence should be accumulated based on prospective trials to determine the prognostic factors and to individualize the treatment strategy for patients with postoperative recurrent esophageal cancer.
